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Description 

[0001] This invention relates to liquid silicone compositions curable to rubber. The cured rubber has a unique com- 
bination of properties including unprimed adhesion to a variety of substrates, such as glass and stainless steel. 

s [0002] Liquid silicone compositions curable to rubber based upon vinyl-containing polydiorganosiloxane polymer, 
organohydrogensiloxanes having silicon-bonded hydrogen atoms and platinum catalyst are well known in the art of 
silicone elastomer compositions. Such compositions are also well known for their reluctance to adhere to substrates 
on which the composition is cured. Many additives have been developed to improve adhesion of such compositions 
to a variety of substrates. However, the additives are, for the most part, selective to compositions and substrates in 

10 which they are effective. Many approaches are found in the prior art to solve the problem of adhering such addition- 
curable silicone compositions to substrates. Some solutions use the primer approach and others use the adhesion 
promoter approach. While each of these approaches have merit, their solutions do not provide the rapid cure needed 
at low temperatures, good adhesion to both glass and stainless steel substrates and bond durability under adverse 
conditions. 

is [0003] The prior art for various combinations of catalysts and adhesion promoters, primer compositions or other self- 
bonding additives is represented by US-A 4,332,844; 4,659,851; 4,719,262; 4,737,562; 4,754,013; 4,906,686; 
5,006,580 and 5,023,288. 

[0004] This invention provides a silicone composition curable to a rubber comprising 

20 (A) 100 parts by weight of an alkenyl-containing polydiorganosiloxane having an average of at least two silicon- 

bonded alkenyl radicals per molecule where the alkenyl radical has from 2 to 1 0 inclusive carbon atoms per radical, 
each organo radical of the polydiorganosiloxane being a monovalent radical selected from the group consisting of 
hydrocarbon radicals and fluorinated alkyl radicals both having less than 7 carbon atoms per radical, the polydior- 
ganosiloxane having triorganosiloxy endgroups, 

25 (B) an organohydrogensiloxane having an average of at least 3 silicon-bonded hydrogen atoms per molecule and 

valences of any silicon atom in the organohydrogensiloxane not satisfied by a hydrogen atom is satisfied by a 
divalent oxygen atom or an organo radical wherein each organo radical is a monovalent radical selected from the 
group consisting of hydrocarbon radicals and fluorinated alkyl radicals both having less than 7 carbon atoms per 
radical, the organohydrogensiloxane having no more than one silicon-bonded hydrogen atom on any one silicon 

30 atom, the amount of organohydrogensiloxane providing a ratio of silicon-bonded hydrogen atoms to alkenyl groups 

from the polydiorganosiloxane of 1 .2 to 2, 

(C) a hydrosilation catalyst containing platinum, 

(D) 0.1 to 1 part by weight of an (epoxy-functional organo)trialkoxysilane where the alkoxy radicals of the (epoxy- 
functional organo)trialkoxysilane have 1 to 4 inclusive carbon atoms, 

35 (E) 0.25 to 5 parts by weight of an alkoxysilicon compound selected from tetraalkyl orthosilicates, alkylpolysilicates 

and alkoxysilicon compounds of the general formula 



Si(OR) 3 
n 

wherein n is 0 or 1, R is an alkyl radical of 1 to 4 inclusive carbon atoms and FV is a monovalent hydrocarbon 
radical, where the alkyl groups of the tetraalkyl orthosilicates and the alkylpolysilicates are methyl, ethyl, propyl or 
so butyl, and 

(F) 0.01 to 0.5 part by weight of a titanium compound having Ti-O-CH bonds, 

where the total amount of ingredient (D) and ingredient (E) is from 0.5 to 6 parts by weight and the molar amount 
of (E) exceeds the molar amount of (D). 
55 [0005] Another embodiment of this invention is a method of adhering a glass substrate to a stainless steel substrate 
comprising 

(1) mixing 
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(A) 1 00 parts by weight of an alkenyl-containing polydiorganosiloxane having an average of at least two silicon- 
bonded alkenyl radicals per molecule where the alkenyl radical has from 2 to 10 inclusive carbon atoms per 
radical, each organo radical of the polydiorganosiloxane being a monovalent radical selected from the group 
consisting of hydrocarbon radicals and fluorinated alkyl radicals both having less than 7 carbon atoms per 

s radical, the polydiorganosiloxane having triorganosiloxy endgroups, 

(B) an organohydrogensiloxane having an average of at least 3 silicon -bonded hydrogen atoms per molecule 
and valences of any silicon atom in the organohydrogensiloxane not satisfied by a hydrogen atom is satisfied 
by a divalent oxygen atom or an organo radical wherein each organo radical is a monovalent radical selected 
from the group consisting of hydrocarbon radicals and fluorinated alkyl radicals both having less than 7 carbon 

io atoms per radical, the organohydrogensiloxane having no more than one silicon-bonded hydrogen atom on 

any one silicon atom, the amount of organohydrogensiloxane providing a ratio of silicon-bonded hydrogen 
atoms to alkenyl groups from the polydiorganosiloxane of 1 .2 to 2, 

(C) a hydrosilation catalyst containing platinum, 

(D) 0.1 to 1 part by weight of an (epoxy-functional organo)trialkoxysilane where the alkoxy radicals of the 
is (epoxy-functional organo)trialkoxysilane have 1 to 4 inclusive carbon atoms, 

(E) 0.25 to 5 parts by weight of an alkoxysilicon compound selected from tetraalkyl orthosilicates, alkylpoly- 
silicates and alkoxysilicon compounds of the general formula 



Si(OR) 



n 

wherein n is 0 or 1 , R is an alkyl radical of 1 to 4 inclusive carbon atoms and FT is a monovalent hydrocarbon 
radical, where the alkyl groups of the tetraalkyl ortho silicates and the alkylpolysilicates are methyl, ethyl, 
30 propyl or butyl, and • ' 

(F) 0.01 to 0.5 part by weight of a titanium compound having Ti-O-CH bonds, 

where the total amount of ingredient (D) and ingredient (E) is from 0.5 to 6 parts by weight and the molar 
amount of (E) exceeds the molar amount of (D), to make a curable silicone rubber composition, 

35 (2) applying the curable silicone rubber composition to a glass substrate and a stainless steel substrate such that 

the glass and stainless steel substrates are connected by curable silicone rubber composition making an assembly, 
and thereafter 

(3) maintaining the assembly in position until the silicone rubber composition has cured thereby bonding the glass 
substrate to the stainless steel substrate through cured silicone rubber. 

40 

[0006] Our invention broadly relates to a silicone composition curable to rubber comprising an alkenyl-containing 
polydiorganosiloxane having an average of at least two silicon-bonded alkenyl groups per molecule, an organohydro- 
gensiloxane having an average of at least 3 silicon-bonded hydrogen atoms per molecule, a hydrosilation catalyst 
containing platinum and additives which promote the adhesion to substrates against which it is cured, especially glass 

45 and stainless steel. It is our selection of additives which provide the adhesion characteristics and the bond durability 
over extended periods of time. Moreover, our additives do not deteriorate other cure properties, nor mechanical and 
chemical properties, such as fast curing at low temperatures and heat accelerated curing. Thus, our claimed compo- 
sitions are curable in less than 5 minutes at 80°C. or in one to two hours at room temperature. 
[0007] Our silicone compositions are dispensed onto substrates while uncured and are then cured in place. They 

50 are required to adhere to substrates which may be metal or glass. By extensive investigation, we have found that 
certain combinations of additives in specific amounts can be added to silicone compositions to produce adhesion to 
substrates upon which they are cured. In silicone compositions curable by hydrosilation reactions, the ratio of hydrogen 
on silicon to alkenyl on silicon is controlled within certain limits to accommodate the adhesion additives and to produce 
a unique combination of adhesion and cure properties. 

55 [0008] To enhance the adhesion of our cured rubbers to substrates, the silicone composition of this invention com- 
prises a titanium compound, an alkoxy silicon compound, an (epoxy-functional organo)trialkoxysilane and, optionally, 
unsaturated silanes such as gamma-methacryloxypropyltrialkoxysilane and/or unsaturated non-silicon containing 
ethers such as diallyl ether of trimethylolpropane. The combination of these components in controlled amounts is found 
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important in providing sufficient initial adhesion to substrates such as glass and stainless steel and in providing rapid 
cure between ambient temperatures and 100°C. This combination also provides wet adhesion that is significantly 
improved over various prior art adhesion additives. Compositions containing these components is found particularly 
useful for use with glass and metal substrates, such as stainless steel. 

5 [0009] Ingredient (A) of the silicone composition of our invention is primarily a linear polymer of one or more alkenyl- 
containing polydiorganosiloxanes containing at least two alkenyl groups having from 2 to 10 carbon atoms such as 
vinyl, allyl, 3-butenyl, 4-pentenyl, 5-hexenyl, 7-octenyl and/or 9-decenyl groups. For the polymer to properly crosslink, 
at least 2 alkenyl groups per molecule are needed. Generally the polydiorganosiloxane is diorganoalkenylsiloxy termi- 
nated with an alkenyl group such as a vinyl group. The alkenyl radical contains at least two carbon atoms and can be 

10 represented by the formula -R S CH=CH 2 , where R represents an alkylene radical containing from 1 to 8 carbon atoms 
and s is 0 or 1. The alkylene radical can be linear or branched. The preferred alkenyl groups are vinyl and hexenyl. 
Polydiorganosiloxanes which have a combination of vinyl and hexenyl are preferred because the ratio of the hexenyl 
to vinyl can be used to regulate the rate of cure. For example, an increase in the amount of hexenyl containing poly- 
diorganosiloxane in ingredient (A) will accelerate the rate of cure. 

is [0010] The organo groups of the polydiorganosiloxane are individually monovalent hydrocarbon radicals or fluori- 
nated monovalent hydrocarbon radicals containing from 1 to 6 carbon atoms. The organo radicals can be identical or 
different, such as methyl or ethyl, fluorinated alkyl such as 3,3,3-trifIuoropropyl, cycloalkyl such as cyclohexyl or aryl 
such as phenyl. A preferred radical is the methyl radical. 

[0011] Generally the siloxane is polymerized to achieve a viscosity of from 2 to 100 Pa-s at 25°C, preferably from 
20 2 to 50 Pa-s. It is also possible to use either higher or lower viscosity polymers. 

[001 2] A single polydiorganosiloxane, or a mixture of different polymers, can be used. Ingredient (A) can be a mixture 
of polydiorganosiloxanes which includes as a second polymer a liquid diorganoalkenylsiloxy-terminated polydiorga- 
nosiloxane that is represented by the average general formula 

25 R 3 R 4 2 SiO(R 4 2 SiO) y (R 3 R 4 SiO) 2 SiR 4 2 R 3 

wherein R 3 represents a terminally unsaturated alkenyl radical containing at least four, preferably at least six, carbon 
atoms and R 4 is selected from the same group of monovalent hydrocarbon radicals and fluorinated monovalent hy- 

30 drocarbon radicals as the polydiorganosiloxane above. The preference for six carbon atoms for R 3 is based on the 
availability of the starting material, typically the corresponding chlorosilane, for preparing polydiorganosiloxanes con- 
taining this radical bonded to a portion of the silicon atoms. R 3 can be represented by the general formula -R M CH=CH 2 , 
where R" represents an alkylene radical containing at least 2, and preferably at least 4, carbon atoms. The radical 
represented by R" can be linear or branched. Examples of R 3 include 3-butenyl, 4-pentenyl, 5-hexenyl, 7-octenyl, 

35 9-decenyl and 9-decenyl. Methods for preparing the polydiorganosiloxanes are sufficiently disclosed in patents and 
other literature such that a detailed description is unnecessary. 

[0013] The physical properties of the cured rubber are affected by the polymer size, viscosity and the amount of 
crosslinking. For example, use of polymer mixtures having one polymer with only terminal vinyl groups and another 
polymer with both terminal and pendant vinyl groups is taught in US-A 4,753,978. The use of an alkenyl radical having 
40 at least 4 carbon atoms is taught in US-A(s) 4,946,878 and 5,110,845. These patents show polydiorganosiloxanes and 
their mixtures which can be used in this invention. 

[0014] In addition to ingredient (A), an alkenyl-containing siloxane resin can be present in the composition. Such 
siloxane resins can be used to increase the tensile strength and the tear strength of our silicone compositions. Examples 
of these siloxane resins are made up of the following siloxane units, ViMe 2 SiO 0 5 , Me 3 SiO 05 and Si0 4/2 where the 
45 ratio of ViMe 2 SiO 05 and Me 3 SiO 05 units to Si0 4/2 units is from 0.4:1 to 1.2:1 and the amount of vinyl group is from 
1.5 to 3.5 weight percent, based on the weight of siloxane resin. Amounts can be widely varied, but are usually less 
than 50 weight percent of the weight of the curable silicone composition. 

[0015] The crosslinking agent, (B), is an organohydrogensiloxane containing an average of at least three silicon- 
bonded hydrogen atoms per molecule. The organohydrogensiloxane contains from as few as four silicon atoms per 
50 molecule up to an average of 100 or more and can have a viscosity of 10 Pa-s or higher at 25°C. The repeating units 
of this ingredient include HSiO-, 5 , R 1 HSiO and/or R 1 2 HSiO 0 5 in addition to one or more of R 1 SiO-, 5 , R 1 2 SiO, R 1 3 SiO 0 5 
and Si0 4/2 units. In these formulae, R 1 represents a monovalent hydrocarbon or fluorinated radical as defined above 
for R 4 of the polydiorganosiloxane. 

[001 6] The organohydrogensiloxane can be linear copolymer of diorganosiloxane units and organohydrogensiloxane 
55 units end-blocked with triorganosiloxy units or monohydrogendiorganosiloxy units, a cyclic compound containing both 
diorganosiloxane and organohydrogensiloxane units or a compound of the formula Si(OSiR 4 2 H) 4 . 
[0017] Proper curing of the present composition requires that the polydiorganosiloxane (A), organohydrogensiloxane 
(B) and hydrosilation catalyst (C) be miscible with one another. To ensure sufficient miscibility, it is preferred that a 
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majority of the silicon-bonded hydrocarbon radicals present in the polydiorganosiloxane and the organohydrogensi- 
loxane be selected from the same class, e.g. alkyl radical. In particularly preferred compositions, these hydrocarbon 
radicals are methyl or combinations of methyl with either 3,3,3-trifluoropropyl or phenyl. 

[0018] The molar ratio of silicon-bonded hydrogen atoms to alkenyl radical (vinyl or other ethylenically unsaturated 
5 hydrocarbon radicals) in compositions curable by hydrosilation reaction is important to the properties of the cured 
elastomer. The optimum ratio for our compositions is determined at least in part by the molecular weight of the poly- 
diorganosiloxane and the type of curing agent. An effective molar ratio of silicon-bonded hydrogen atoms to silicon- 
bonded alkenyl radicals is in the range of 1 .2 to 2 with a preferred range of 1 .6 to 2. 

[0019] Hydrosilation reactions are typically conducted in the presence of a catalyst containing platinum. Platinum 

io compounds such as hexachloroplatinic acid, and particularly complexes of these compounds with relatively low mo- 
lecular weight vinyl-containing organosiloxane compounds, are preferred catalysts because of their high activity and 
compatibility with the organosiloxane reactants. These complexes are more fully described in US-A 3,419,593. 
[0020] The platinum-containing catalyst can be present in an amount equivalent to as little as one part by weight of 
platinum per one million parts by weight of curable composition. Catalyst concentrations equivalent to from 5 to 100 

is parts of platinum per million of curable composition are preferred to achieve a practical curing rate. Higher concentra- 
tions of platinum provide only marginal improvement in curing rate and are therefore economically unattractive. 
[0021] Mixtures of the aforementioned polydiorganosiloxane, organohydrogensiloxane (crosslinking agent) and plat- 
inum catalyst may begin to cure at ambient temperatures. It is therefore desirable to package the ingredients in at least 
two separate containers. Usually a first container comprises the alkenyl-containing polydiorganosiloxane and platinum 

20 catalyst and a second container comprises the polyorganohydrogensiloxane. Although a rapid cure rate is desired for 
the present invention, in certain situations one may wish to slow the curing reaction down to room temperature. If this 
is desired, the addition reaction catalyzed by the platinum catalyst can be slowed by adding an inhibitor such as those 
which are known to inhibit the hydrosilation reaction at room temperatures. Longer working time or "pot life*, can be 
obtained by the addition of a suitable inhibitor. Known inhibitors include the acetylenic compounds disclosed in US-A 

25 3,445,420. Acetylenic alcohols such as 2-methyl-3-butyn-2-ol and ethynyl cyclohexanol constitute a preferred class of 
inhibitors that will suppress the activity of a platinum-containing catalyst at 25°C, but will also cure rapidly at temper- 
atures of 70°C. or higher. 

[0022] To obtain satisfactory levels of physical strength, our silicone compositions comprising polydiorganosiloxane 
can also contain a particulate filler. Silicone compositions are commonly reinforced with one or more fillers such as 

30 fumed silica. Any finely divided form of silica can be used herein as a reinforcing filler. Colloidal silicas are preferred 
because of their relatively high surface area, which is typically at least 50 square meters per gram. Fillers having surface 
areas of at least 250 square meters per gram are preferred for use in the present method. Colloidal silicas can be 
prepared by precipitation or a fume process. Both of these types of silica are commercially available. 
[0023] The amount of finely divided silica used in our compositions is at least in part determined by the physical 

35 properties desired in the cured rubber. Liquid or pumpable silicone compositions typically contain from 1 0 to 60 percent 
by weight of silica, based on the weight of polydiorganosiloxane. 

[0024] Preferably, if reinforcing filler is used, it is modified with silica treating agents to prevent a phenomenon referred 
to as "creping" or "crepe hardening" during processing of the curable composition and to provide a product which has 
greater stability during storage. These silica treating agents can be liquid hydroxyl terminated polydiorganosiloxanes 
40 containing an average of from 2 to 20 repeating units and can contain an alkenyl radical. Treating agents can also be 
organosilicon compounds such as hexaorganodisiloxanes and hexaorganodisilazanes such as hexamethyldisilazane. 
They can also hydrolyze under the conditions used to treat the silica to form compounds with silicon-bonded hydroxyl 
groups. Small amounts of water are often added to the composition during the filler treatment step to facilitate the 
process. 

45 [0025] The filler can also be a non-reinforcing or extending filler of finely ground particles of oxides or hydroxides or 
carbonates of such as silicon, calcium, magnesium, barium or zinc, with silicon oxide (quartz) and calcium carbonate 
as preferred non-reinforcing fillers. Suitable fillers for silicone elastomeric compositions are well known in the art. 
[0026] The (epoxy-functional organo)trialkoxysilane ingredient (D) is a trialkoxysilane functionalized with an organic 
substituent containing an epoxy group. Typically the alkoxy radicals of the (epoxy-functional organo) trialkoxysilane 
so may be the same or different and are usually selected from alkoxy radicals having 1 to 4 carbon atoms such that the 
alkoxy radicals are readily hydrolyzable upon contact with water. For example, the alkoxy radicals may include methoxy, 
ethoxy, propoxy and butoxy. The structure of the organic substituent bearing the epoxy group may vary. Commercially 
available (epoxy-functional organo) trialkoxysilanes useful herein include 3-glycidoxypropyltrimethoxysi lane and beta- 
(3,4-epoxycyclohexyl) ethyltrimethoxysilane. 3-glycidoxypropyltrimethoxysilane is preferred because of its effective- 
's ness. 

[0027] The amount of ingredient (D) used is typically 0.1 to 1 part by weight per 100 parts by weight of polydiorga- 
nosiloxane in the composition. Both dry and wet adhesion of the cured silicone rubber to substrates increases with 
increased amounts of ingredient (D). Amounts of ingredient (D) exceeding one part by weight per 100 parts by weight 
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of ingredient (A) may be detrimental to the adhesion properties of the cured silicone rubber to glass and metal sub- 
strates. Preferred silicone compositions of this invention contain 0.2 to 0.5 part by weight of ingredient (D) per 100 
parts by weight of ingredient (A). 

[0028] The alkoxysilicon compound, ingredient (E), can be an alkyl orthosilicate or a partially hydrolyzed alkyl ortho- 
silicate where the alkyl groups have up to 4 carbon atoms. The alkyl groups may be the same or different. Alkyl ortho- 
silicates include ethyl orthosilicate, methyl orthosilicate, n-propyl orthosilicate and butyl orthosilicate. The partial hy- 
drolyzed alkyl orthosilicates are also known as atkylpolysilicates which include ethylpolysilicate, n-propylpolysilicate 
and butylpolysilicate. Alkoxysilicon compound (E) can also be a compound of the general formula 



(RO) 3 SiCH 2 CH 2 



R' R' 
I I 

Si-0-SiCH o CH o 

I I 

R' R' 



Si(OR) 3 



n 



wherein n is 0 or 1 , R is an alkyl radical of 1 to 4 inclusive carbon atoms, such as methyl, ethyl, propyl and butyl and 
R' is a monovalent hydrocarbon radical selected from alkyl, such as methyl, ethyl and hexyl and aryl such as phenyl. 
[0029] Preferably, both R and R' are methyl. The alkoxysilicon compound is present in an amount of 0.25 to 5 parts 
by weight per 100 parts by weight of ingredient (A). It is preferred for improved adhesion to use from 0.4 to 3 parts of 
ethylpolysilicate or n-propyl orthosilicate. The combined amount of (epoxy-f unctional organo)trialkoxysilane and alkox- 
ysilicon compound should be at least 0.5 part by weight per 100 parts by weight of ingredient (A), preferably from 0.5 
to 6 parts by weight. It is also necessary to have the molar amount of alkoxysilicon compound (E) exceed the molar 
amount of (epoxy-f unctional organo)trialkoxysiiane to provide satisfactory adhesion. If both the (epoxy functional or- 
gan o)t rial koxy si lane and the alkoxysilicon compound are at their lower limits, poor adhesion is obtained. 
[0030] The silicone compositions of this invention further include a titanium compound having Ti-O-CH bonds, (F). 
These titanium compounds aid in the shortening of time for development of adhesion between the cured silicone rubber 
and the substrates. Examples of titanium compounds include tetra-alkyltitanates such as tetraisopropyltitanate, 
tetrabutyltitanate and tetraocty Ititanate, tetraisopropyltitanate and tetra-2-ethylhexy I titanate; chelated titanates such as 



CH. 



/ 

<CH.-CH-0) 0 -Ti 
3 2 x 



O-C-CH- 
CH 

/ 

OC-CH, 



— ' 2 



and other titanium compounds such as (CH 2 CH2CH 2 0)3TiOTi(OCH 2 CH 2 CH3)3. The amounts of titanium compound 

(F) can be from 0.01 to 0.5 part by weight per 100 parts by weight of ingredient (A), preferably from 0.05 to 0.3 part by 
weight. 

[0031] The silicone compositions of this invention can optionally contain an olefinically unsaturated alkoxy silane, 

(G) . These alkoxysilanes are illustrated by gamma-methacryloxypropyltrialkoxysilane, vinyltrialkoxysilane and hexe- 
nyltrialkoxysilane, in which the alkoxy groups preferably contain from 1 to 4 carbon atoms per alkoxy group, such as 
methoxy, ethoxy, propoxy and butoxy. These olefinically unsaturated alkoxy silanes are present in amounts up to 1 
weight percent based on the weight of the silicone composition, preferably from 0.1 to 1 weight percent. 

[0032] The silicone compositions of this invention can also optionally contain an unsaturated non-silicon-containing 
ether, (H). Examples are diallyl ether of trimethylolpropane, monoallyl ethyl of trimethylolpropane, monoallyl ether of 
glycerol, diallyl ether of glycerol, monoallyl ether of ethylene glycol, monoallyl ether of diglycerol, diallyl ether of dig- 
lycerol, monoallyl ether of pentaerythritol, diallyl ether of pentaerythritol and triallyl ether of pentaerythritol. If an un- 
saturated non-silicon-containing ether is used, it is preferably diallyl ether of trimethylolpropane. The amount of un- 
saturated non-silicon-containing ether used can effect the length of cure at lower temperatures. For this reason, small 
amounts of this ether is preferably used when it is desired to have it present. Such amounts are up to 1 .5 weight percent 
based on the weight of the silicone composition and preferred amounts are from 0,1 to 1.2 weight percent. These 
unsaturated non-silicon-containing ethers also provide silicone compositions with increased adhesive tensile strengths 
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for the cured product. Therefore, one balances the value of curing time of the silicone composition versus the enhanced 
adhesive tensile strength for the cured product for their particular application. For example, if fast cure is desired or 
required, the unsaturated non-silicon-containing ether may be left out of the silicone composition. If the adhesive tensile 
strength of the cured product is more important to the particular application, then the unsaturated non-silicon-containing 
s ether may be used despite the slow cure rate. Of course, if smaller amounts of the unsaturated non-silicon-containing 
ether are used, one may improve the adhesive tensile strength of the cured product and also maintain a reasonable 
curing time for the silicone composition at lower temperatures. 

[0033] It is preferred to keep the titanium compound (F) separated from ingredient (B) during storage. Therefore, the 
most preferred silicone compositions are those which are packaged in at least two containers. These preferred silicone 

10 compositions are stored by packaging in a first container which comprises ingredients (F) and (C) and in a second 
container which comprises ingredient (B). Convenient packaging for the silicone compositions of this invention are a 
first container in which ingredients (A), (C), (F) and a particulate filler, if used, are present; and a second container in 
which ingredients (B), (D) and (E) are present. It is also possible to divide ingredient (A) and particulate filler and to 
place portions of both in the first and second containers. When unsaturated non-silicon-containing ethers are used, it 

15 is preferred to include such ethers in a first container with ingredients (F) and (C) for maximum storage stability. This 
will achieve the best results during curing and the best results for the properties of the cured products. 
[0034] In addition to the above ingredients, our silicone composition may include conventional additives which impart 
or enhance certain properties of the cured elastomer or facilitate processing of the curable composition. Typical addi- 
tives include pigments, dyes and heat and/or ultraviolet light stabilizers. The effect of any such additives should be 

20 evaluated as to their result and impact on other desirable properties of the composition. 

[0035] The compositions of this invention can be prepared by a simple mixing of the ingredients. However, when 
reinforcing fillers are included, the fillers are often treated in situ by first combining the polydiorganosiloxane, filler, filler 
treating agent and enough water to facilitate the filler treating process and then heating the mixture. Heating for 1 to 
4 hours at 170°C. has been found to provide good filler treatment. The heating may also be conducted at reduced 

25 pressure to assist in removing any excess water and the ammonia formed in the process. After filler treatment is 
completed the remaining components are simply mixed into the composition. The equipment needed for the mixing 
depends upon the viscosity of the polydiorganosiloxane used and the amount of filler. 

[0036] When all of the ingredients are mixed together, the composition will begin to cure unless a cure inhibitor is 
present. If the composition is not to be used immediately after mixing, it should be prepared in at least two parts. If the 

30 organohydrogensiloxane, (B), is placed in one part and the platinum catalyst, (C), and the titanium compound, (F), is 
placed in another part, the individual parts will be shelf stable. The amounts of polydiorganosiloxane and filler that are 
placed in each part can be varied to obtain the desired result. A convenient system distributes the ingredients into two 
parts so that the polydiorganosiloxane and filler are divided equally between the two parts. The organohydrogensi- 
loxane is added to one part and the platinum catalyst plus the titanium compound are added to the other part. This 

35 results in a two-package composition where thV contents of the two packages are mixed together in equal amounts at 
the time of ultimate use. If the consistency of the two parts is about the same, they can be easily mixed at the time of 
use. Other proportions of the ingredients can of course be used, as well as more than two parts, if desired. 
[0037] For application, the contents of the two packages of the silicone composition are mixed together and are 
extruded into place on at least one substrate to be adhered as a bead. After the bead is formed on the substrate or 

40 substrates to be adhered, it is allowed to cure at ambient temperatures or it can be heated to accelerate the cure. The 
bead adheres to the substrate upon curing. The silicone compositions of this invention adhere very well to stainless 
steel and glass substrates when the silicone composition is cured in contact with such substrates. Adhesion of the 
silicone composition to other substrates against which it is cured are also acceptable. 

[0038] The silicone compositions of this invention develop adhesion without the use of primers when the composition 
45 is cured against a substrate. These silicone compositions can be cured rapidly at low temperatures, such as from room 
temperature to 80°C. At room temperature, the silicone compositions can be cured in one or two hours, but at 80°C, 
it can be cured in less than five minutes. The rubber obtained by curing the composition exhibits both dry and wet 
adhesion to the substrates. Dry adhesion is determined by measuring the adhesion of a substrate-rubber test piece 
over a defined period of time at a defined temperature. Wet adhesion is determined by measuring the adhesion of a 
so substrate-rubber test piece which has been immersed in water for a defined period of time at a defined temperature. 
[0039] The silicone compositions can cure against substrates and develop sufficient initial adhesion to allow handling 
of articles which are bonded together using the silicone composition to bond substrates, such as glass and stainless 
steel. The cured silicone rubber also has sufficient tensile strength so that together with the initial adhesion between 
the silicone rubber and the substrates, an article can be handled without concern of deforming the article. This tensile 
55 strength-initial adhesion characteristic is termed "green strength" or initial tensile-adhesion. The cured silicone rubber 
should also maintain the tensile strengths throughout the useful lifetime of the adhesive-substrate bond. The silicone 
rubber obtained by curing the composition of this invention also exhibits low thermal conductivity. 
[0040] A bubbling phenomenon at some substrate-rubber interfaces was observed with certain types of adhesion 
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additives and when the titanium compound (F) and unsaturated non-silicon-containing ether (H) were stored in a pack- 
age with the organohydrogensiloxane (B). One substrate against which the silicone composition was cured which was 
susceptible to such a bubbling phenomenon was polyisobutylene. Bubbling at a rubber-substrate interface means 
weak spots and reduced effectiveness of the seals which are intended by the use of the silicone composition with 
unprimed adhesion to substrates. During the development of this invention, bubbling was observed when an attempt 
was made to pre-react the titanium compound (F), the alkoxysilicon compound (E) and the (epoxy-functional organo)- 
trialkoxysilane (D). Also when the unsaturated non-silicon-containing ether was used with (F), (E) and (D) and the 
mixture was pre-reacted, bubbling was still observed at rubber-substrate interfaces. The presence of amino compounds 
in the silicone composition results in gassing and the wet adhesion is very poor. Therefore, although aminosilicone 
compounds have been reported as adhesion promoters, they do not function acceptably in our compositions. 
[0041] The following examples are included for illustrative purposes only and should not be construed as limiting the 
invention which is properly set forth in the appended claims. Parts are parts by weight. 

Example 1 

[0042] Two-package compositions were prepared for use in evaluating various adhesion additives. The contents of 
each package was prepared as defined below. 

Adhesion Additive Composition No. 1 (AAC No. 1) 

[0043] Package A was prepared by mixing 92.8 parts of dimethylvinylsiloxy endblocked polydimethylsiloxane having 
a viscosity of 55 Pas at 25°C. as measured by a rotational viscometer with a spindle number 5 at 4 rpm (Polymer A), 
7.2 parts of a dimethylhexenylsiloxy endblocked poly(dimethylsiloxanehexenylmethylsilxoane) having 2 mole percent 
hexenylmethylsiloxane units and a viscosity at 25°C. of 0.45 Pa-s (Polymer B), 20.5 parts of a hexamethyldisilazane 
treated fumed silica filler having a surface area of 400 m 2 /g (Silica), 0.5 part of a platinum catalyst which was a reaction 
product of hexachloroplatinic acid and sym-tetramethyldisiloxane diluted with a liquid dimethylvinylsiloxy terminated 
polydimethylsiloxane in an amount to achieve a platinum content of 0.7 weight percent (Platinum Catalyst) and 0.3 
part of tetrabutyltitanate (TBT). 

[0044] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 9.5 
parts of trimethylsiloxy endblocked poly(dimethylsiloxanemethylhydrogensiloxane) having an average of 3 dimethylsi- 
loxane units and 5 methylhydrogensiloxane units per molecule (SiH Polymer), 4.2 parts of ethylpolysilicate, 0.7 part 
of gamma-glycidoxy-propyltrimethoxysilane and 2.4 parts of diallyl ether of trimethylolpropane. 

Comparative Adhesion Addition Composition No. 1 (CAAC No.1) 

[0045] Package A was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 0.5 
part of Platinum Catalyst, 0.3 part of TBT. 

[0046] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 9.4 
parts of SiH Polymer, 4.8 parts of an alkoxysilicon compound of the formula 



Me Me 

I I 

(MeO)3SiCH2CH2Si-0-SiCH2CH2Si(OMe)3 , 

Me Me 

and 2.4 parts of diallyl ether of trimethylolpropane. 

Comparative Adhesion Additive Composition No. 2 (CAAC No.2) 

[0047] Package A was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 0.5 
part of Platinum Catalyst, 2.4 parts of gamma-glycicoxypropyltrimethoxysilane and 1 .2 parts of gamma-methacryioxy- 
propyltrimethoxysilane. 

[0048] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 4.6 
parts of SiH Polymer and 0.4 part of aluminum acetylacetonate added as a 5 percent by weight solution of aluminum 
acetylacetonate in toluene. 
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Comparative Adhesion Additive Composition No. 3 (CAAC No.3) 

[0049] Package A was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 0.5 
part of Platinum Catalyst, 0.7 part of allyltrimethoxysilane and 0.3 part of TBI 
s [0050] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of silica and 
4.5 parts of SiH polymer. 

Comparative Adhesion Additive Composition No. 4 (CAAC No.4) 

10 [0051] Package A was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 0.5 
part of Platinum Catalyst and 0.3 part of TBI 

[0052] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of Silica, 5.1 
parts of SiH Polymer, 2.4 parts of gamma-methacryloxypropyltrimethoxysilane and 0.7 part of diallyl ether of trimeth- 
ylolpropane. 

75 

Comparative Adhesion Additive Composition No. 5 (CAAC No.5) 

[0053] Package A was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of silica and 
0.5 part of Platinum Catalyst. 

20 [0054] Package B was prepared by mixing 92.8 parts of Polymer A, 7.2 parts of Polymer B, 20.5 parts of silica and 
3.3 parts of SiH Polymer. 

[0055] Each of the above compositions were evaluated by mixing 50 weight parts of the contents of Package A with 
50 weight parts of the contents of Package B and then curing on stainless steel and glass substrates for one hour at 
80°C. The adhesion for the stainless steel substrates was determined by using a lap shear test with the results being 

25 reported in kilopascals (kPa). The lap shear test evaluated the adhesion of the silicone rubber to the stainless steel 
substrates by making test laminates by placing a bead of silicone composition between two panels of stainless steel, 
such that the panels with silicone composition laminated between them overlapped by 6.4 square centimeters. The 
silicone composition was cured for one hour at 80°C. and then after a defined period of time as shown in Table 1 , the 
panels were pulled in opposite directions. The force at which the silicone rubber-stainless steel laminate broke was 

30 recorded in kPa and reported in Table 1. The adhesion for the glass substrate was determined by Tensile-Adhesion 
joint construction as specified in ASTM Test Method C 1 1 35-90, "Standard Test Method for Tensile Adhesion Properties 
of Structural Sealants." The Tensile-Adhesion results were obtained on laminates in which the silicone rubber compo- 
sition was 1 .27 cm by 1 .27 cm by 5.08 cm. The pull rate was 1 .27 cm per minute and the results are reported in Table 
1 in kPa. Each silicone rubber composition was tested three times and the average of these tests was used for each 

35 value reported. The adhesion for each kind of laminate was evaluated 24 hours after the silicone composition was 
cured, 2 weeks after being immersed in water at 80°C. and 4 weeks after being immersed in water at 80°C. The results 
are shown in Table 1 . 



TABLE 1 



40 








ADHESIVE STRENGTHS 
in kilopascals 






COMPOSITION 


SUBSTRATE 


AFTER 24 HRS 


AFTER 2 WKS WATER 
IMMERSION 


AFTER 4 WKS WATER 
IMMERSION 


45 


A AC No.1 


GLASS* 
STAINLESS 


1103 


1103 


931 






STEEL** 


1379 


1482 


1641 


50 




GLASS* 


419 


1379 


1379 


CAAC No.1 


STAINLESS 












STEEL** 


803 


1379 


1379 






GLASS* 


517 


793 


276 



* Adhesive strengths determined by Tensile -Adhesion Test. 
" Adhesive strengths determined by Lap Shear Test. 
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TABLE 1 (continued) 











ADHESIVE STRENGTHS 
in kilopascals 




5 


COMPOSITION 


SUBSTRATE 


AFTER 24 HRS 


AFTER 2 WKS WATER 
IMMERSION 


AFTER 4 WKS WATER 
IMMERSION 




CAAC No. 2 


STAINLESS 












STEEL** 


2413 


793 


1276 


10 


CAAC No. 3 


GLASS* 
STAINLESS 


552 


517 


310 






STEEL** 


419 


434 


386 






GLASS* 


241 


310 


276 


15 


CAAC No.4 


STAINLESS 












STEEL** 


1172 


965 


965 






GLASS* 


193 


214 


138 


20 


CAAC No.5 


STAINLESS 
STEEL** 


103 


228 


103 



* Adhesive strengths determined by Tensile-Adhesion Test. 
** Adhesive strengths determined by Lap Shear Test. 



25 [0056] CAAC No. 1 exhibited very good adhesion to both glass and stainless steel but was slow to develop adhesive 
strength. 

[0057] CAAC No. 2 showed very good 24 hour adhesion to stainless steel and only fair adhesion to glass. The 
adhesion to both the stainless steel and the glass showed deterioration after hot water immersion. 
[0058] CAAC No. 3 showed only minimal improvement in adhesion to both glass and stainless steel compared to 
30 CAAC No. 5 which contained no adhesion additive. 

[0059] CAAC No. 4 exhibited very poor adhesion to glass and good adhesion to stainless steel. 
[0060] CAAC No. 5 was a control which contained no adhesion additives. 

Example 2 

35 

[0061] Two-package compositions were prepared for use in evaluating various adhesion additives in an assembly 
having glass and stainless steel substrates. The contents of each package was prepared with the ingredients as defined 
below. 

40 Adhesion Additive Composition No. 2 (AAC No. 2) 

[0062] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 1 7.9 parts of Silica, 0.36 
part of platinum catalyst, 0.24 part of TBT and 1 .2 part of diallyl ether of trimethylotpropane. 
[0063] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 5.2 
45 parts of SiH Polymer, 2.4 parts of ethylpolysilicate and 0.6 part of gamma-glycidoxypropyltrimethoxysilane. 

Adhesion Additive Composition No. 3 (AAC No. 3) 

[0064] Package A was prepared as described for Package A of AAC No. 2. 
so [0065] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 5.2 
parts of SiH Polymer, 2.1 parts of ethyl orthosilicate and 0.6 part of gamma-glycidoxypropyltrimethoxysitane. 

Adhesion Additive Composition No. 4 (AAC No. 4) 

55 [0066] Package A was prepared as described for Package A of AAC No. 2. 

[0067] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 5.2 
parts of SiH polymer, 2.7 parts of n-propyl orthosilicate and 0.6 part of gamma-glycidoxypropyltrimethoxysilane. 
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Adhesion Additive Composition No. 5 (AAC No. 5) 

[0068] Package A was prepared as described for Package A of AAC No. 2. 

[0069] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 5.2 
parts of SiH polymer, 2.4 parts of ethylpolysilicate and 0.6 part of beta(3,4-epoxy-cyclohexyl)ethyltrimethoxysilane. 

Adhesion Additive Composition No. 6 (AAC No. 6) 

[0070] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst, 1 .2 part of diallyl ether of trimethy lolpropane and 0.3 part of a Ti-O-CH compound of the formula 



CH3 

I / 
(CH3-CH-0)2-Ti 

\ 



0-C-CH3 
0=C-CH3 



[0071] Package B was prepared as described for Package B of AAC No. 2. 

Adhesion Additive Composition No. 7 (AAC No. 7) 

[0072] Package A was prepared as described for Package A of AAC No. 2. 

[0073] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 5.2 
parts of a trimethy Isiloxy endblocked polymethylhydrogensiloxane having an average of about 35 siloxane units per 
molecule, 2.4 parts of n-propyl orthosilicate and 0.6 part of gamma-glycidoxypropyltrimethoxysilane. 

Adhesion Additive Composition No. 8 (AAC No. 8) 

[0074] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of a dimethylvinylsiloxy endblocked 
poly(dimethylsiloxanemethylvinylsiloxane) having a viscosity of 0.3 Pa-s and a vinyl content of 1.15 weight percent 
(Polymer C), 17.9 parts of silica, 0.36 part of platinum catalyst, 0.24 part of TBT and 1 .2 part of diallyl ether of trimeth- 
y lolpropane. 

[0075] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer C, 17.9 parts of silica, 5.2 
parts of SiH polymer, 2.4 parts of ethylpolysilicate and 0.6 part of gam ma-glycidoxyp ropy It rim ethoxysi lane. 

Adhesion Additive Composition No. 9 (AAC No. 9) 

[0076] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst and 0.24 part of TBT. Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts 
of Polymer B, 17.9 parts of Silica, 2.8 parts of SiH Polymer, 2.6 parts of n-propyl orthosilicate, 0.6 part of gamma- 
glycidoxypropyltrimethoxysilane and 0.35 part of gamma-methacryloxypropyltrimethoxysilane. 

Comparative Adhesion Additive Composition No. 6 (CAAC No. 6) 

[0077] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst and 1 .2 part of diallyl ether of trimethylolpropane. 

[0078] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 5.2 
parts of SiH polymer, 2.4 parts of ethylpolysilicate and 0.6 part of gam ma-glycidoxyp ropy It rimethoxysi lane. 

Comparative Adhesion Additive Composition No. 7 (CAAC No. 7) 

[0079] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 
0.36 part of platinum catalyst. 

[0080] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 2.5 
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parts of SiH polymer and 0.6 part of gamma-glycidoxypropyltrimethoxysilane. 
Comparative Adhesion Additive Composition No. 8 (CAAC No. 8) 

s [0081] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 1 7.9 parts of silica, 0.36 
part of platinum catalyst and 0.24 part of TBT. Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts 
of Polymer B, 17.9 parts of silica, 2.5 parts of SiH polymer and 0.6 part of gamma-glycidoxypropyltrimethoxysilane. 
[0082] Each of the above compositions were evaluated by mixing 50 weight parts of the contents of Package A with 
50 weight parts of the contents of Package B and then forming H-test pieces as shown in the drawings Fig. 1 and Fig. 2. 

w [0083] In the drawings, Figure 1 is an end view of an H-test piece. Figure 2 is a side view of an H-test piece. 
The following reference numberals are used in the description below: 

DRAWING NUMERICAL AND ALPHABETICAL REFERENCE LIST 

15 [0084] 

10 Glass pane 

20 Glass pane 

30 Stainless steel spacer 
20 40 Polyisobutylene primary seal 

50 Polyisobutylene primary seal 

60 Silicone rubber secondary seal 

70 Silicone rubber secondary seal 

80 First direction force is applied during adhesion test 
25 90 Second direction force is applied during adhesion test 

L Length of primary seal and secondary seal 

HP Height of primary seal 

HS Height of secondary silicone rubber seal 

W Width of secondary silicone rubber seal 

30 

The H-test pieces were formed by placing stainless steel spacer 30 between two glass panes 10 and 20 with 
polyisobutylene primary seals 40 and 50 which had heights HP of 0.32 cm and lengths L of 5 cm. Thereafter, a silicone 
rubber composition was applied as secondary seals 60 and 70 which had heights HS of 0.32 cm, lengths L of 5 cm 
and widths W of 0.32 cm. After the H-test piece was formed, it was heated to 80° C. for 1 5 minutes to cure the silicone 

35 rubber composition. Each H-test piece was exposed to various conditions and then tested for adhesion by clamping 
in a tensile-testing type device. This device pulled the glass panes apart in direction 80 and 90 at the rate of 1 .27 cm 
per minute. The tensile adhesion was measured and reported in Table 2 in newtons (N). The percentage cohesive 
failure for the stainless steel-silicone rubber interface and for the glass-silicone rubber interface were also recorded 
and are shown in Table 2. The conditions of exposure were as follows: (1) 1 day at room temperature; (2) 14 days at 

40 room temperature; (3) 7 days at room temperature plus 2 weeks immersed in water at 80°C; and (4) 7 days at room 
temperature plus 4 weeks immersed in water at 80°C. The test results (an average of three tests) were obtained and 
reported in Table 2. 

[0085] The curing characteristics of the silicone rubber compositions were observed by using a commercially avail- 
able oscillating rheometer. The results were obtained for cure at room temperature and at 80°C, for each silicone 
45 rubber composition after it was prepared (initial) and for each silicone rubber composition stored two weeks at 50°C. 
before mixing the contents of Package A and Package B (aged). The elapsed times in minutes were observed for each 
composition to exhibit 50 percent (T 50 ) and 90 percent (T 90 ) of the maximum torque value (F, reported in newton- 
meters, N-m) which was exhibited by the cured silicone rubber and are reported in Table 3. 

50 



55 
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[0086] From Table 2, CAAC No. 6 showed that without the presence of the tetrabutyl titanate and comparing it to 
AAC No. 2, the adhesion to stainless steel at room temperature was very slow to develop and essentially showed no 
cohesive failure after 14 days at room temperature. CAAC No. 7 and CAAC No. 8 showed that an (epoxy-functional 
organo)silane with or without tetrabutyl titanate did not provide adhesion to stainless steel at room temperature after 

5 1 4 days and failed adhesively after hot water immersion either to the glass substrate or to the stainless steel substrate. 
AAC No. 5 showed that beta(3,4-epoxy cyclohexyl)ethyftrimethoxysilane developed adhesion to both stainless steel 
and glass between one day and 14 days at room temperature. This showed that the beta(3,4-epoxycyclohexyl)ethyl- 
trimethoxysilane was not as effective in developing adhesion to stainless steel as gamma-glycidoxypropyltrimethox- 
ysilane as shown for AAC No. 2. AAC No. 9 showed a composition which quickly developed tensile adhesion to both 

10 glass substrates and stainless steel substrates. The cure characteristics were as shown in Table 3. 
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Example 3 



Adhesion Additive Composition No. 10(AAC No. 10) 

5 [0087] Package A was prepared by mixing 92.6 parts of Polymer A, 7.4 parts of Polymer B, 18.5 parts of Silica, 0.5 
part of platinum catalyst and 0.3 part of TBT. 

[0088] Package B was prepared by mixing 92.6 parts of Polymer A, 7.4 parts of Polymer B, 18.5 parts of silica, 4.2 
parts of ethylpolysilicate, 0.5 part of gamma-glycidoxypropyltrimethoxy silane, 8.6 parts of SiH polymer and 2.4 parts 
of diallyl ether of trimethylolpropane. 

io [0089] A composition was prepared by mixing 50 weight parts of the contents of Package A with 50 weight parts of 
the contents of Package B. The resulting composition was used to make several H-test pieces as described in Example 
2, except that in place of the stainless steel spacer, an aluminum spacer was used and one glass substrate was clear 
glass and the other glass substrate was a coated glass which had been abraded. The silicone compositions of the H- 
test pieces was cured by heating to 80°C. for 1 5 minutes. Test pieces were evaluated after 7 days at room temperature 

is (RT), 14 days at room temperature and after immersion in water at 60°C. for 7 days, 14 days, 28 days, 42 days, 56 
days and 70 days. In each situation, the bond failure was 1 00 % cohesive to the aluminum substrate, the glass substrate 
and the coated abraded glass substrate. The tensile adhesion in newtons is reported in Table 4: 
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Table 4 

H-TEST PIECE EXPOSURE I TENSILE ADHESION, newtons 



7 days RT 
14 days RT 



IMMERSION 



7 days 
1 4 days 
28 days 
42 days 
56 days ' 
70 days 
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538 
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513 
494 
371 
454 
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Example 4 

Adhesion Additive Composition No. 11 (AAC No. 11) 

[0090] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst, 0.24 part of TBT and 0.6 part of diallyl ether of trimethylolpropane. 

[0091] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 3.9 
parts of SiH Polymer, 2.6 parts of n-propyl orthosilicate and 0.59 part of gamma-glycidoxypropyltrimethoxysilane. The 
molar ratio of n-propyl orthosilicate to gamma-glycidoxy-propyltrimethoxysilane was 3.93:1 . 

Comparative Adhesion Additive Composition No. 9 (CAAC No. 9) 

[0092] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 1 7.9 parts of Silica, 0.35 
part of platinum catalyst and 4.0 parts of a pre-reacted mixture (1 ). The pre-reacted mixture (1 ) was prepared by mixing 
0.19 part of TBT, 0.48 part of gamma-glycidoxypropyltrimethoxysilane, 2.12 parts of n-propyl orthosilicate and 0.48 
part of diallyl ether of trimethylolpropane, heating the resulting mixture to 90°C. for one hour and then stripping at 90°C. 
and 12 kPa for 30 minutes. The molar ratio of n-propyl orthosilicate to gam ma-glycidoxyp ropy It rimethoxysi lane was 
3.93:1. 

[0093] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 
3.8 parts of SiH polymer. 

Adhesion Additive Composition No. 12 (AAC No. 12) 

[0094] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst and 0.24 part of TBT 
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[0095] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 2.8 
parts of SiH polymer, 2.6 parts of rvpropyl orthosilicate, 0.35 part of gamma-methacryloxypropyltrimethoxysilane and 
0.58 part of gamma-glycidoxypropyltrimethoxysilane. The molar ratio of n-propyl orthosilicate to gamma-glycidoxy- 
propyltrimethoxysilane was 3.93:1. 

Comparative Adhesion Additive Composition No. 10(CAAC No. 10) 

[0096] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 
3.77 parts of pre-reacted mixture (2). The pre-reacted mixture (2) was prepared by mixing 0.23 part of TBT, 2.6 parts 
of n-propyl orthosilicate, 0.35 part of gamma-methacryloxypropyltrimethoxysilane and 0.59 part of gamma-glycidoxy- 
propyltrimethoxysilane, heating the resulting mixture to 90°C. for one hour and stripping at 90°C. and 12 kPa for 30 
minutes. The molar ratio of n-propyl ortho silicate to gamma-glycidoxypropyltrimethoxysilane was 3.93:1 . 
[0097] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 

2.8 parts of SiH polymer. 

Comparative Adhesion Additive Composition No. 11 (CAAC No. 11) 

[0098] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 1 7.9 parts of Silica, 0.36 
part of Platinum Catalyst, 0.1 part of TBT and 0.7 part of diallyl ether of trimethylolpropane. 

[0099] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 4.1 
parts of SiH Polymer, 1 .7 parts of tetraethyl orthosilicate and 2.4 parts of gamma-glycidoxypropyltrimethoxysilane. The 
molar ratio of tetraethyl orthosilicate to gam ma-glycidoxypropyltrimethoxysi lane was 0.82:1 . 

Comparative Adhesion Additive Composition No. 12 (CAAC No. 12) 

[0100] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 0.36 
part of platinum catalyst and 4.9 parts of pre-reacted mixture (3). The pre-reacted mixture (3) was prepared by mixing 
0.1 part of TBT, 1.7 parts of tetraethyl orthosilicate, 2.4 parts of gamma-glycidoxypropyltrimethoxysilane, 0.7 part of 
diallyl ether of trimethylolpropane, heating the resulting mixture to 90°C. for one hour and stripping at 90°C. and 12 
kPa for 30 minutes. The molar ratio of tetraethyl orthosilicate to gamma-giycidoxyp ropy It rimethoxysi lane was 0.82:1 . 
[0101] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 
4. 1 parts of SiH polymer. 

Comparative Adhesion Additive Composition No. 13 (CAAC No. 13) 

[0102] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica, 0.36 
part of platinum catalyst, 0.08 part of TBT and 0.7 part of diallyl ether of trimethylolpropane. 
[0103] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of Silica, 4.0 
parts of SiH Polymer, 1 .9 parts of n-propyl orthosilicate and 2.2 parts of gamma-glycidoxypropyltrimethoxysilane. The 
molar ratio of n-propyl orthosilicate to gamma-glycidoxypropyltrimethoxysilane was 0.8:1 . 

Comparative Adhesion Additive Composition No. 14 (CAAC No. 14) 

[0104] Package A was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 

4.9 parts of pre-reacted mixture (4). The pre-reacted mixture was prepared by mixing 0.08 part of TBT, 2.2 parts of 
gamma-glycidoxypropyltrimethoxysilane, 1.9 parts of n-propyl orthosilicate and 0.7 part of diallyl ether of trimethylol- 
propane, heating the resulting mixture to 90°C. for one hour, stripping at 90°C. and 12 kPa for 30 minutes. The molar 
ratio of n-propyl orthosilicate to gamma-glycidoxyp ropy It rimethoxysi lane was 0.8:1. 

[0105] Package B was prepared by mixing 94.7 parts of Polymer A, 5.3 parts of Polymer B, 17.9 parts of silica and 
4.0 parts of SiH polymer. 

[0106] Each of the above compositions were evaluated by preparing H-test pieces as described in Example 2 and 
by observing the adhesion properties as described in Example 2 where test pieces were evaluated after (1) one day 
at room temperature, (2) 14 days at room temperature, (3) 7 days at room temperature and 14 days immersion in water 
at 80°C. and (4) 7 days at room temperature and 28 days immersion in water at 80°C. The curing characteristics of 
each composition was evaluated as described in Example 2. The results of the evaluations are shown in Tables 5 and 6. 
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[0107] Pre-reacting the ingredients added to provide adhesion to the silicone compositions did not provide satisfac- 
tory wet adhesion as shown by CAAC No. 1 0, CAAC No. 1 2 and CAAC No. 1 4. Also, CAAC No. 1 1 and CAAC No. 1 3 
illustrated the need to have the moles of alkbxysilicon compound exceed the moles of (epoxy-functional organo)- 
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trialkoxysilane. 



Claims 

5 

1 . A silicone composition curable to a rubber comprising 

(A) 1 00 parts by weight of an alkenyl-containing polydiorganosiloxane having an average of at least two silicon- 
bonded alkenyl radicals per molecule where the alkenyl radical has from 2 to 10 carbon atoms per radical, 

10 each organo radical of the polydiorganosiloxane being a monovalent radical selected from hydrocarbon rad- 

icals and fluorinated alkyl radicals both having less than 7 carbon atoms per radical, the polydiorganosiloxane 
having triorganosiloxy endgroups, 

(B) an organohydrogensiloxane having an average of at least three silicon-bonded hydrogen atoms per mol- 
ecule and valences of any silicon atom in the organohydrogensiloxane not satisfied by a hydrogen atom is 

is satisfied by a divalent oxygen atom or an organo radical, wherein each organo radical is a monovalent radical 

selected from hydrocarbon radicals and fluorinated alkyl radicals both having less than 7 carbon atoms per 
radical, the organohydrogensiloxane 1 having no more than one silicon-bonded hydrogen atom on any one 
silicon atom, the amount of organohydrogensiloxane providing a ratio of silicon-bonded hydrogen atoms to 
alkenyl groups from the polydiorganosiloxane of 1 .2 to 2, 

20 (C) a hydrosilation catalyst containing platinum, 

(D) 0.1 to 1 part by weight of an (epoxy-functional organo)trialkoxysilane where the alkoxy radicals of the 
(epoxy-functional organo)trialkoxysilane have 1 to 4 inclusive carbon atoms, 

(E) 0.25 to 5 parts by weight of an alkoxysilicon compound selected from tetraalkyl orthosilicates, alkylpoly- 
silicates and alkoxysilicon compounds of the general formula 

25 
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(RO)3SiCH2CH2 



R' R' 
I I 

Si-0-SiCH2CH2 



Si(OR)3 



n 



35 wherein n is 0 or 1 , R is an alkyl radical of 1 to 4 inclusive carbon atoms and FT is a monovalent hydrocarbon 

radical, where the alkyl groups of the tetraalkyl orthosilicates and the alkylpolysilicates are methyl, ethyl, propyl 
or butyl, and 

(F) 0.01 to 0.5 part by weight of a titanium compound having Ti-O-CH bonds, 

40 where the total amount of ingredient (D) and ingredient (E) is from 0.5 to 6 parts by weight and the molar 

amount of (E) exceeds the molar amount of (D). 

2. The silicone composition according to claim 1 further comprising (G) at least 0.1 part by weight of a gamma- 
methacryloxypropyltrialkoxysilane in which the alkoxy has from 1 to 4 inclusive carbon atoms per alkoxy group. 

45 

3. The silicone composition according to claim 1 further comprising diallyltrimethylol propane ether. 

4. A method of adhering a glass substrate to a stainless steel substrate comprising 



so (1 ) preparing the silicone^composition of claim 1 , 

(2) applying said composition to a glass substrate and a stainless steel substrate such that the glass and 
stainless steel substrates are connected by said composition to form an assembly, and thereafter 

(3) maintaining the assembly in position until the silicone rubber composition has cured, thereby bonding the 
glass substrate to the stainless steel substrate through cured silicone rubber. 

55 

5. The method according to claim 4 further comprising a thermoplastic material in combination with the glass sub- 
strate, stainless steel substrate and curable silicone rubber composition such that the curable silicone rubber 
composition contacts the thermoplastic material, the glass substrate and the stainless steel substrate during step 
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(3) and the assembly is heated to accelerate curing. 



5 



Patentanspruche 

1, Siliconzusammensetzung, die zu einem Kautschuk hartbar ist, enthaltend: 



(A) 100 Gewichtsteile eines alkenylhaltigen Polydiorganosiloxans mit im Mittel wenigstens zwei an Silicium 
gebundenen Alkenylresten pro Molekul, wobei die Alkenylreste 2 bis 1 0 Kohlenstoffatome pro Rest aufweisen, 

10 jeder Organorest des Polydiorganosiloxans ein einbindiger Rest ist, ausgewahlt aus Kohlenwasserstoffresten 

und fluorierten Alkylresten, die beide weniger als 7 Kohlenstoffatome pro Rest aufweisen, und das Polydior- 
ganosiloxan Triorganosiloxyendgruppen aufweist, 

(B) ein Organowasserstoffsiloxan mit im Mittel wenigstens drei an Silicium gebundenen Wasserstoffatomen 
pro MolekOI, wobei die Valenzen eines jeden Siliciumatoms in dem Organowasserstoffsiloxan, die nicht durch 

75 ein Wasserstoffatom abgesattigt sind, durch ein zweibindiges Sauerstoffatom oder einen Organorest abge- 

sattigt sind, wobei jeder Organorest ein einbindiger Rest ist, ausgewahlt aus Kohlenwasserstoffresten und 
fluorierten Alkylresten, wobei beide weniger als 7 Kohlenstoffatome pro Rest aufweisen, das Organowasser- 
stoffsiloxan nicht mehr als ein an Silicium gebundenes Wasserstoffatom pro Siliciumatom aufweist und die 
Menge an Organowasserstoffsiloxan ein Verhattnis von an Silicium gebundenen Wasserstoffatomen zu Alke- 

20 nylgruppen aus dem Polydiorganosiloxan von 1 ,2 bis 2 bereitstellt, 

(C) einen Hydrosilylierungskatalysator, der Platin enthalt, 

(D) 0,1 bis 1 Gewichtsteil eines Trial koxysilans mit einer epoxyfunktionellen Organogruppe, wobei die Alkoxy- 
reste des Trial koxysilans mit einer epoxyfunktionellen Organogruppe 1 bis einschlieGlich 4 Kohlenstoffatome 
aufweisen, 

25 (E) 0,25 bis 5 Gewichtsteile einer Alkoxysiliciumverbindung, ausgewahlt aus Tetraalkylorthosilicaten, Alkylpo- 

lysilicaten und Alkoxysiliciumverbindungen der allgemeinen Formel 
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(R0) 3 SiCH 2 CH 2 - 



R' R' 
I l 

Si— 0— Si— CH 2 CH 2 +- Si (0R) 2 
R' R' 



worin n gleich 0 oder 1 ist, R ein Alkylrest mit 1 bis einschlieGlich 4 Kohlenstoffatomen ist und R' ein einbindiger 
Kohlenwasserstoffrest ist, wobei die Alkylgruppen des Tetraalkylorthosilicats und des Alkylpolylsilicats Methyl, 
Ethyl, Propyl oder Butyl sind, und 
40 (F) 0,01 bis 0,5 Gewichtsteile einer Titanverbindung mit Ti-O-CH-Bindungen, 

wobei die Gesamtmenge des Bestandteils (D) und des Bestanteils (E) 0,5 bis 6 Gewichtsteile betragt und die 
molare Menge an (E) die molare Menge an (D) Oberschreitet. 

45 2. Siliconzusammensetzung nach Anspruch 1, die weiterhin (G) wenigstens 0,1 Gewichtsteile eines ^Methacrylo- 
xypropyltrialkoxysilans enthalt, in dem die Alkoxygruppe 1 bis einschlieBlich 4 Kohlenstoffatome pro Alkoxygruppe 
aufweist. 

3. Siliconzusammensetzung nach Anspruch 1 , die weiterhin Diallyltrimethylolpropanether enthalt. 

50 

4. Verfahren zum Ankleben eines Glassubstrats an ein Edelstahlsubstrat, umfassend 

(1) Herstellung der Siliconzusammensetzung nach Anspruch 1, 

(2) Aufbringen dieser Zusammensetzung auf ein Glassubstrat und ein Edelstahlsubstrat, so daB die Glas- und 
55 Edelstahlsubstrate durch diese Zusammensetzung miteinander verbunden werden, um eine zusammenge- 

setzte Anordnung zu bilden, und danach 

(3) in Position halten der zusammengesetzten Anordnung, bis die Siliconkautschukzusammensetzung aus- 
gehartet ist, um dadurch das Glassubstrat an das Edelstahlsubstrat durch den geharteten Siliconkautschuk 
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zu binden. 

5. Verfahren nach Anspruch 4, das weiterhin ein thermoplastisches Material in Kombination mit dem Glassubstrat, 
dem Edelstahlsubstrat und der hartbaren Siliconkautschukzusammensetzung umfaBt, so daB die hartbare Sili- 
5 conkautschukzusammensetzung in Kontakt mit dem thermoplastischen Material, dem Glassubstrat und dem Edel- 

stahlsubstrat wahrend des Schritts (3) steht und die zusammengesetzte Anordnung erwarmt wird, urn das Aus- 
harten zu beschleunigen. 



io Revendications 

1. Une composition de silicone durcissable en un caoutchouc comprenant 

(A) 100 parties en poids d'un polydiorganosiloxane contenant des groupes alcenyles, ayant en moyenne au 
15 moins deux radicaux alcenyles lies au silicium par molecule, le radical alc6nyle ayant 2 a 1 0 atomes de carbone 

par radical, chaque radical organique du polydiorganosiloxane 6tant un radical monovalent choisi parmi les 
radicaux hydrocarbones et les radicaux a Iky les fluor6s qui ont tous moins de 7 atomes de carbone par radical, 
le polydiorganosiloxane ayant des groupes terminaux triorganosiloxy, 

(B) un organohydrogenosiloxane ayant en moyenne au moins trois atomes d'hydrogene lies au silicium par 
20 molecule et ou les valences de tout atome de silicium de l'organohydrog6nosiloxane non satisfaites par un 

atome d'hydrogene sont satisfaites par un atome d'oxygene divalent ou un radical organique, chaque radical 
organique etant un radical monovalent choisi parmi les radicaux hydrocarbon6s et les radicaux alkyles fluores 
qui ont tous moins de 7 atomes de carbone par radical, l'organohydrog£nosiloxane n'ayant pas plus d'un 
atome d'hydrogene lie au silicium sur chaque atome de silicium, la quantite d'organohydrogdnosiloxane 6ta- 
25 blissant un rapport des atomes d'hydrogene lies au silicium aux radicaux alcenyles du polydiorganosiloxane 

de 1 ,2 a 2, 

(C) un catalyseur d'hydrosilylation contenant du platine, 

(D) 0,1 a 1 partie en poids d'un (organo a fonction e poxy )trialcoxysi lane ou les groupes alcoxy du (organo a 
fonction 6poxy)trialcoxysilane ont 1 ^ 4 atomes de carbone inclusivement, 

30 (E) 0,25 a 5 parties en poids d'un compose alcoxy-silicie choisi parmi les orthosilicates de tetraalkyle, les 

polysilicates d'alkyle et les composes alcoxysilici6s de la formule g6n6rale 
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(RO)3SiCH2CH2 



R ' R' 

I ! 

Si-0-SiCH2CH2 

I I 
R' R' 



Si(0R)3 



n 



ou n est 0 ou 1 , R est un radical alkyle de 1 a 4 atomes de carbone inclusivement et FT est un radical hydro- 
carbone" monovalent, les radicaux alkyles des orthosilicates de tetraalkyle et des polysilicates d'alkyle Stant 
45 des radicaux methyle, ethyle, propyle ou butyle, et 

(F) 0,01 a 0,5 partie en poids d'un compost du titane ayant des liaisons Ti-O-CH, 

la quantite totale de t'ingrSdient (D) et de I'ingrddient (E) etant de 0,5 a 6 parties en poids et la quantite 
molaire de (E) depassant la quantite* molaire de (D). 

50 

2. La composition de silicone selon la revendication 1, comprenant de plus (G) au moins 0,1 partie en poids d'un 
gamma-methacryloxypropyltrialcoxysilane dans lequel le groupe alcoxy compte 1 a 4 atomes de carbone inclusi- 
vement par groupe alcoxy. 

55 3. La composition de silicone selon la revendication 1 , comprenant de plus de Tether diallylique de trim6thylolpropane. 
4. Un proc§de pour coller un substrat en verre a un substrat en acier inoxydable, consistant a 
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(1 ) preparer la composition de silicone de la revendication 1 , 

(2) appliquer ladite composition a un substrat en verre et a un substrat en acier inoxydable de telle maniere 
que les substrats en verre et en acier inoxydable soient joints par ladite composition pour former un assem- 
blage, puis 

(3) maintenir Tassemblage en position jusqu'a ce que la composition de caoutchouc de silicone ait durci, pour 
lier ainsi le substrat en verre au substrat en acier inoxydable au moyen du caoutchouc de silicone durci. 

Le procedS selon la revendication 4, comprenant de plus une matiere thermoplastique en association avec le 
substrat en verre, le substrat en acier inoxydable et la composition de caoutchouc de silicone durcissable, de sorte 
que la composition de caoutchouc de silicone durcissable soit en contact avec la matiere thermoplastique, le 
substrat en verre et le substrat en acier inoxydable pendant I'etape (3), et le.chauffage de I'assemblage pour 
acc6!6rer le durcissement. 
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